The original paper proposed a method to investigate the linguistic features embedded in undeciphered symbols. The authors concluded that 'it is likely that the [Pictish] symbols are actually words'. This comment points to linguistic issues which have a bearing on the conclusion but have not been addressed thoroughly enough. The transformation of Pictish carvings into linear symbols and the features of archaic writing systems are likely to introduce biases, which stand unassessed. The proposed method could be tested against other items. The line between writing and drawing is not as clear-cut as categorized in the original paper. On the whole, the conclusion reached by the authors remains pending.
The original article by Lee et al. (2010) proposed a method to investigate the linguistic features possibly embedded in a number of symbolic corpora, the meaning and nature of which are not clearly established yet: Pictish symbols, Chinese pottery marks, Indus Symbols, etc. The authors aimed at finding statistical objective criteria that can sift out symbolic corpora, which they categorize into three types as follows: random sets (hence not symbolic at all), purely semasiographic sets (symbols are not directly connected with a language) and truly language-based sets of lexical, syllabic or phonemic writing systems. The original paper mentioned previous failed attempts (Rao on Indus Symbols) at using similar methods. One of the fortes and targets of the method proposed in the paper is to handle corpora with short sets of symbols and many unknown 'linguistic' parameters (nature of script, size of vocabulary, syntax, etc.), which the paper characterizes as 'incomplete'. The authors reached the conclusion that 'it is likely that the [Pictish] symbols are actually words' (Lee et al. 2010, p. 11) .
The validity of the conclusion depends on the appropriateness of the statistical methods, and on the preprocessing of the linguistic data. This comment will focus on the linguistic point of view, which can be divided into three main issues: the influence of the features encountered in existing writing systems on the validity of the method, the meaning of the conclusion and the descriptive relevance of the categories adopted by the authors.
Language-based data typically have a one-dimensional linear structure: spoken language is constrained by time, as was first emphasized by De Saussure (1916) at the beginning of the twentieth century, and writing systems always have one direction for each string of symbols. Sometimes the direction changes from one line to the next as in boustrophedon, that is to say 'ox-ploughing' writing, but there always is one compulsory direction in each line. The primary input of the paper is two-dimensional carvings on rocks. One of the issues in the process is the conversion of these two-dimensional primary corpora into one-dimensional secondary corpora that is 'addressed' at the end of the article just before the references: 'The [Pictish] symbols were read as observed from top to bottom, left to right, using Mack's symbol set.' (Lee et al. 2010, p. 14) . Quite obviously, the operation of conversion from two-dimensional to one-dimensional is not neutral. It can be noted that all directions of writing are historically attested: right to left, left to right, top to bottom and more unusually bottom to top as in Berber Lybico-Punic. For that matter, the issue of the forced linearization applied to the primary two-dimensional data must be more thoroughly addressed. The conclusion reached in the paper would be bolstered if it remains the same whatever operation of forced linearization is applied. The same problem exists with the Scottish heraldic data that are used as a touchstone reference: how are the two-dimensional pictorial features of heraldry converted into one-dimensional linearized output, which can then be tested against linguistic one-dimensional comparanda? One would like to learn more about the consequences of forced linearization on a large variety of primary corpora of definitely linguistic and non-linguistic nature. It would also be interesting to determine whether there still exists any evidence of the way the stones were carved, as the direction of carving is presumably the same as that of 'reading' if these corpora actually involve language.
The exact perimeter of carved stones involved in the analysis should be better described. For the time being, this issue is too close to being a black box. In all cases, it would be highly advisable to resort to a non-linguistic symbolic reference that already operates in a one-dimensional linear format so that no additional bias or artefact is introduced.
It can also be noted that the paper does not address the issue of defectiveness. Many ancient writing systems discard 'grammatical' features and only write the stems of words. For example, one of the oldest documents in Hurrian is the socalled Lion of Urkeš. This text dating back to the last part of the third millennium BCE is written in an archaic cuneiform system that is still fairly iconographic. A conspicuous feature of this document is that the expected Hurrian morphological material is absent: case markers are missing. As a consequence, even though nobody questions the Hurrianicity of the text, it is unclear how it should be segmented in sentences. Several options are possible and authors differ. The issue may in fact be impossible to settle conclusively. The point is here to determine how defectiveness or exhaustiveness of writing systems may affect the results of the method. This point should also be dealt with more explicitly and thoroughly, as it is typologically probable that an archaic writing system will be defective in one way or another. It can also be observed that the characterization of Egyptian hieroglyphs as syllabic is inadequate. This system is a defective system that writes only consonants. To be more precise, this system is capable of writing vowels, but it does so only in non-native words when the vowels are not predictable with the native knowledge of the Egyptian language, being thus very similar to present-day Arabic.
Defectiveness is all the more an issue as it often applies to the linguistic elements that have the highest frequency rates and are therefore most likely to introduce serious statistical biases. During the 1960s, a statistical survey of French texts, speeches and conversations was carried out for pedagogical purposes. The results are described in 'L'élaboration du français fondamental' [The elaboration of Basic French]. Similar works have probably been made on other languages. In this book (Gougenheim et al. 1964, pp. 69-113) . These 20 'words' with a high grammatical content (pronouns, articles, auxiliaries, conjunctions) account for 38 per cent of all instances. It would be most interesting to determine the consequences of defectiveness and the absence of the most frequent components of a language on the results of the method proposed. A number of tests on languages with different typological features, such as, for example, English, Turkish and Chinese, would be highly informative.
Another issue is to test the method against existing undeciphered documents. For example, it would be interesting to know what kind of conclusion is reached when the Phaistos Disc is processed with the method proposed by the authors. It is suspected that the writing is syllabic and the method could be used to check whether this probable conclusion can be confirmed. The Disc has two faces, 241 signs written in 61 boxes. This provides enough material to test the validity of the method proposed.
A second point is the meaning of the conclusion: 'it is likely that the [Pictish] symbols are actually words' (Lee et al. 2010, p. 11) . It can be noted that the method nearly reaches the conclusion that the Pictish glyphs might be a syllabic corpus, which sounds fairly counterintuitive. That Pictish glyphs may be 'words' sounds less counterintuitive. The issue is more to determine what would be the difference between being words and being symbols. To put it more frankly, the issue is to determine whether the paper does not reach as its conclusion one of the premises of the method it applies.
This raises the third point with a methodological and paradigmatic value: the purported difference between semasiographic and lexicographic systems. It should be kept in mind that alphabets are highly unusual and extreme semiotic systems: sets of linearly organized segmental symbols nearly entirely deprived of intrinsic or iconic content. Many writing systems have kept an iconic and decorative content: Egyptian hieroglyphs, Chinese ideograms, Mayan writing, etc. Moreover, the distinction between 'graphic narratives' and written documents is not as clear-cut as the authors seem to believe. It would be interesting to see how Yukaghir birch-bark love letters, the Narmer Palette or the map Lean Wolf drew of his raid for Sioux horses from Fort Berthold to Fort Buford, Dakota, along the Missouri River can be dealt with by the method proposed in the article. It can also be noted that Amerind codices have an internal organization that mixes one-dimensional and two-dimensional graphic features and that is reminiscent of some Pictish carved stones, like in Kinord or Eassie (University of Strathclyde 2010). These items would probably show that the distinction drawn in the article between 'semasiographic' and 'truly linguistic' corpora cannot be accepted and that there are many more shades of grey. Road signs are another hybrid system that comes to mind. The 'description' of 'Aberlemno 2' as 'a Class II stone with two symbols-divided rectangle with a Z rod and triple disc, as well as other imagery (a battle)' is ominous: a divided rectangle with a Z rod and a triple disc together with other images amounts to only two symbols. A look at the discarded 'imagery' reveals that it includes a carving made up of two concentric circles, hence semiotically similar to the triple disc. In addition to linearization and segmentation into a given number of signs, this example raises the issue of the potentially meaningful spatial location of the signs. Some Pictish glyphs seem to be a combination of a glyph attested in isolation with a kind of Z sign. Should the combination of these two signs not be considered a sign itself of 'syntactical' nature? From a semiotic and linguistic point of view, the relative position of the glyphs can have a relevance and a meaning. In the article, the Pictish glyphs seem to be segmented into completely isolated symbols with no 'syntax', no mutual interaction. This feature embedded in the method is in fact in contradiction with the conclusion reached about the linguistic nature of the Pictish glyphs.
In other words, the practical potential of the method proposed in the article is difficult to assess until a number of crucial methodological issues are addressed about the way the primary data are 'prepared' before they are processed by the method. The issue of the forced linearization and segmentation of two-dimensional data into one-dimensional signs and the potential influence of defectiveness, be it phonetic or morphemic, must be explicitly and properly discussed and dealt with. Another issue is the categories chosen to label the data that have a direct bearing on the meaning and the wording of the conclusion. The characterization of Egyptian hieroglyphs as syllabic is inadequate and Chinese ideograms are both syllabic and morphemic. The distinction between purely symbolic and truly linguistic corpora cannot be accepted as linguistic corpora are a subset of symbolic corpora and not a separate type. A number of methodological and descriptive clarifications and comparative counterchecks against known cases need to be carried out. On the whole, a better treatment of the data is necessary from the linguistic and more generally semiotic point of view before any conclusion about Pictish glyphs is accepted.
